It is well known that Q factor can be calculated from complex resonant frequency of a non-excitation problem. However, two definitions are used to obtain Q factor from complex resonant frequency. One definition uses the real part of the complex frequency while the other uses an absolute value from the numerator of the Q factor. The meaning and difference of the two definitions is investigated using an RLC series circuit, and the findings are presented in this article.
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Various definitions of Q
The Q factor for a well-known RLC series circuit shown in Fig. 1 
( 1) where 
(2)
The second definition for the Q factor is obtained using bandwidth
, where ω is the angular frequency such that
The Q factor, according to [2] [3], can be defined as
The definition of Q factor using energy [2] [7] [8], which can be applied generally to any cavities, is expressed as
where U is the electromagnetic energy stored in the resonator. We now introduce the complex resonant frequency, 
However, in [9] [10], a different expression with Eq.(6) was also proposed. (7) and Eq. (8) is discussed in the following two sections using the RLC series circuit model shown in Fig. 1. Fig. 1(a) shows the excitation scenario, wherein the circuit is excited by voltage source V. The Q factor for this circuit can be calculated using (1), (3), and (4). Fig. 2(a) , r ω is overlapped with 0 ω when the Q factor > 10. In Fig. 2(b) , the Q factor defined by Eq.(7) also overlaps the Q factor defined by Eq.(1), Eq.(3), Eq. (4), and Eq.(8). The difference of (real part of) resonant frequencies and Q factors are both 0.125% when Q factor by Eq. (8) is 10. The resonators are normally designed with a Q factor >10, so the very small difference (0.125%) illustrated in the graphs is negligible.
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Conclusion
The two definitions used to obtain Q factor from complex resonant frequency are presented, and the difference between the two definitions were investigated using an RLC series circuit model. It was found that the resonant angular frequency corresponds to LC / 1 0 = ω incidentally when Q factor is defined using the absolute value of complex resonant frequency in the numerator. However, it was also found that the difference between the two definitions is negligible (0.125% when Q = 10) when Q factor is greater than 10.
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